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Central Neuropathic Pain (CNP) affects approximately 40% of patients with Spinal Cord Injury 
(SCI).1 CNP is related to changes in cortical activity, in particular in the area of the primary motor cortex, 
controlling movements. Compared to patients with no CNP, SCI patients with long-standing CNP have 
the overactive cortex while they imagine to move either painful or non-painful limbs.2,3 Most notably these 
patients have strong electroencephalographic (EEG) activity in the theta band, otherwise not seen in SCI 
patients with no pain..2 While relation between EEG and CNP has been confirmed,  it is still not known 
whether changes in the cortical activity are a cause or a consequence of CNP. 
Thirty sub-acute SCI patients (24 M, 6 F; age: 45 ±15.2), within 6 months post-injury, free of 
nociceptive pain, level of injury C4-T12, incomplete or complete, participated in this study. They were 
asked to imagine tapping with both legs while their brain activity was recorded with 48 channel EEG 
device (usbamp. Guger technologies, Austria). They performed 60 repetition of imagined tapping, every 
time they saw a cue on a computer screen. EEG analysis was performed on signal averaged over all 60 
repeated trials. EEG artifacts were removed prior to further analysis and EEG was re-referenced to a 
common average reference. Time frequency analysis (event-related spectral perturbation) was performed 
to define EEG responses to imagined movements.   
Prior to EEG analysis patients were divided in three groups. Group I (11 patients) had early CNP 
symptoms at the time of EEG recording and most of them received pharmacological treatments. Group 2 
(9 patients) had no pain at the time of EEG recording but developed pain within 6 months following EEG 
recording. Group 3 (10 patients) did not have pain at the time of EEG recording and did not develop pain 
within next 6 months.  
Group 2 that developed pain within 6 months after EEG recording had the  strongest EEG activity 
in the alpha (8-12 Hz) and in the beta band (16-24 Hz), On the contrary, group 1 with CNP at the time of 
EEG recording, had weakest alpha and beta band activity but had strongest theta band activity not 
present in the other two groups. Differences in EEG activity between groups were most evident in the 
centro-parietal areas of the cortex.  
We hypothesize that pain related changes in EEG activity have two phases. The first phase, 
stronger alpha and beta band activity precedes the physical symptoms of pain. These EEG markers could 
be used to identify patients at the high risk of developing CNP and for creating pharmacological and non-
pharmacological preventive treatments.  Second phase, shifting of EEG activity towards lower, theta 
band, occurs within few months following the physical symptoms of pain. These theta band markers of 
CNP are similar to EEG markers seen in SCI patients with long-standing CNP. 2  
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